A CONSIDERABLE number of pulpless teeth treated by ordinary routine methods are subsequentlv found to develop peri-apical infection. In the case of anterior t2eth such infection can be treated by the operation of root resection, but in the more inaccessible posterior teeth, this often involves the loss of the tooth.
because of the exquisite pain which such a condition usually engenders. It is not surprising, then, that the patient at this'stage seeks the aid of a dental surgeon, and if he decides to save the tooth it is left to his skill and judgment as to whether the final rootfilled tooth will be healthy or not. Bearing in mind that the pulp canal is as yet uninfected, the whole aim of root canal treatment must be to see that organisms are not accidentally implanted there during root canal instrumentation. Any infection of the peri-apical tissues after removal of a vital pulp must be due to contamination during the operation, unless there is a leak in the croiwn filling.
There are four principal methods of treatment on teeth with exposed pulps: (1) Pulp capping.
(2) Devitalizing the pulp by applying an escharotic such as arsenic.
(3) Removing the pulp under pressure anasthesia. (4) Removing the pulp under a local anmesthetic.
(1) As it is unlikely that the tissues remain uninfected when the pulp is exposed, no matter from what cause, it is obviously unwise to cover the pulp with a cap without first sterilizing the tissues underneath. The use of a powerful antiseptic causes destruction of tissue, whilst the drug can hardly be expected to destroy every organism present. C Carious exposure. I Localized inflammation surrounding the invading organisms.
ge~~~~~~~~_ Photomicrograph x 37 of a decalcified section of the pulp canal of a human incisor showing the reaction of the tissues to a carious exposure (C). There is a localized concentration of polymorphonuclear leucocytes and round cells surrounding the invading organisms in the pulp chamber (I).
A few years ago a series of experiments was carried out upon monkeys, in which the pulps were opened up under a general anaesthetic (Ross 1937) . In order to simulate the conditions present in the human mouth when a pulp is exposed by a bur, no attempt was made to carry out the operation under strict aseptic conditions. After exposure, the pulp was touched with the actual cautery and a sterile pulp cap immediately placed in position and sealed with cement. The teeth were eventually stained, sectioned, and examined under the microscope. The results showed that the application of the cautery had destroyed the great majority of the organisms which would inevitably be present under these conditions. Unfortunately the application of the cautery sometimes caused a severe inflammation of the pulp, with an accompanying risk of death of the organ, so that such a method of sterilizing the vital pulp was discontinued. The experiments did, however, open the way to further methods which will be described later.
Perhaps the only justification of using a pulp cap over an exposure is when it occurs in a young tooth in which the apex is still open. At a later date, the pulp can be extirpated, the root apex having closed in the meantime. Usually the pulp is found to have a chronic ulcer under a pulp cap, although the infection is offen limited and gives no discomfort to the patient.
(2) A commonly used method is to devitalize the exposed pulp by the application of arsenic. The obvious advantages are that it can be applied simply and quickly and the arsenic can usually be relied upon to kill the pulp without undue pain. For some time, however, there has been some doubt as to whether the arsenic does actually destroy all the organisms present in the pulp chamber of a tooth with a carious exposure. Quite recently a series of experiments was carried out in collaboration with Dr. MIaclean, with a view to finding out whether, in fact, the root canals were sterile after the pulp had been killed by applying arsenic. Twenty-one typical cases of pulp exposure with accompanying toothache were chosen, and after cleaning out the carious cavity, the ordinary commercial arsenic fibre was inserted over the exposure and sealed with a sterile metal cap and zinc oxide and cloves. The arsenic fibre consisted of a mixture of arsenic, creosote, tannin and oil of cassia. The teeth were left for one week, and then extracted under sterile conditions, which included cauterizing the gingival sulcus. They were placed in sterile tubes, with the arsenic dressing still in place, and sent to be cultured. The teeth were first split and the pulp or pulp debris teased out with sterile barbed broaches and then incubated. In every case a heavy growth of Streptococcuts viridans was grown after two days' incubation.
(3) In view of the histological findings that the exposed pulp shows a concentration of organisms in the pulp chamber opposite the exposure, the method of removing the pulp after pressure anaesthesia with cocaine pellets need only be mentioned to be condemned.
(4) Extirpation of the pulp under local anTsthesia is in common use amongst many dental surgeons, but it is at once obvious that the entry of a root canal instrument such as a barbed broach into the pulp canal with a view to extirpating the lpulp must first pass through the infected mass lying under the exposure. During its passage to the apex the instrument contaminates the rest of the pulI) tissue, which up to this time has remained normal and uninfected. Upon the pulp being extirpated, organisms are then sucked into the apical third of the root, where they become implanted in some of the many small blood clots which form in the accesso-ry canals. As a result of this procedure, the operator has contaminated the apical third of the root, which has been shown to be a perfect nidus for organisms to grow in. out of harm's way from the cellular defences of the body. In order to substantiate these findings a series of experiments Avas carried out with Dr. Rogers of St. Mary's Hospital (Ross, 1943) . Patients complaining of acute toothache had first 10 c.c. of blood taken from the median basilic vein. In each case this sample was shown to be sterile. The patient was then an-sthetized, either bv nitrous oxide, or by local injection, and a barbed broach inserted into the canal of the inflamed tooth with a view to extirpating the pulp, the operation following the lines of usual routine practice.
Before eventually extracting the tooth, a further 10 c.c. of blood was taken, and this further sample was found to be infected with Str. viridanis. Once these results had been obtained upon three separate cases, the experiment was discontinued, since it wvas not considered advisable to produce a bacteriamia, however transient it might prove to be. The experiments have shown that it is possible to produce a bacterial shower into the blood-stream as a result of passing a barbed broach into the root canal of an exposed pulp. From this it follows that organisms would also become implanted in the apical canals of the tooth during the operation. From the foregoing experiments and conclusions, it will be readilv understood that the fundamental principle underlying vital pulp extirpation is to destroy organisms already ensconced in the pulp chamber before any attempt is made to pass cold instruments into the root canal.
-The method about to be described makes use of two electrically heated instruments, which it is believed are capable of destroying bacteria in the carious cavity and in the pulp, the electric cautery which is sufficiently well known to need no explanation, and the root desiccator. The latter is an instrument designed on the lines of the ordinary root canal drier, which is fitted to most modern dental units. For this purpose, however, a heavy current is needed, in order to heat the metal point to a temperature which will burn or incinerate the contents of the pulp, and in so doing, destroy the bacteria present. Perhaps the best example is an instrument which was designed for Dr. Fish, and is made up on robust ebony handles, and can be plugged into a flex lead which connects up with a transformer, giving six volts at fourteen amps. from the main current. A heavy foot switch operated by a spring which cuts off the current on being released is connected in series with the primary windings of the transformer. This type of switch has been found preferable to the type which is incorporated in the handle of the instrument, such as the root drier, and which for convenience has to be made of delicate structure, and when using a heavy current, frequently becomes hot and burns out. After inducing local anaesthesia, preferably by intra-osseous injection, the tooth to be operated on should be isolated from mouth fluids by means of cotton-wool pads or rubber dam. All burs and instruments should be boiled immediately before use and laid in spirit. A few drops of an antiseptic such as one of the formalin-cresol preparations are poured into a dappen glass and placed close to the operator. Every instrument before being introduced into the mouth should be dipped into the formalin solution first, in order to eliminate the risk of chance infection. Enamel edges are chiselled away, and gross caries carefully removed with a large rose-head bur. Care must be taken to prevent any pressure reaching the exposed pulp, since this might be the cause of introducing fresh organisms into the pulp vessels. At this stage the cavity should be cauterized with the ordinary electric cautery. The cavity is opened up further to allow of easy access to the pulp chamber, the exposure widened, and the area cauterized again. The cavity is well soaked with formalin and the electric pulp desiccator then introduced into the pulp chamber, care being taken to see that it is already hot before application. The instrument is passed very slowly along the root canal, burning the pulp tissue as it progresses towards the apex. The length of time this operation takes will depend on the temperature of the instrument, but as an indication of this, the operator should be able to feel the external surface of the crown of the tooth becoming hot to the finger, and may see the contents of the pulp boiling during the procedure. Formalin is now introduced into the canal by means of a smooth broach and cotton-wool dipped in the antiseptic. When the canal is thoroughly saturated with the solution, the root desiccator is passed into the canal for a second time, and kept there until the formalin boils off. The canal is again filled with formalin, enlarged by suitable root reamers, and immediately filled with an adequate impermeable filling.
CONCLUSIONS
In practically all cases of pulp exposure there is a localized infection in the pulp chamber. The passage of a cold instrument along the root canal with a view to extirpating the pulp passes through the infected mass and contaminates the rest of the pulp tissue. This is considered to be the principal cause of apical infection following the removal of a vital pulp.
The use of arsenic as a method of devitalizing the pulp does not appear to destroy all the organisms which are present in a pulp with a carious exposure, with the result that apical infection occurs.
In addition there is often widespread destruction of the peri-apical tissues as a result of the use of arsenic, and this damaged area offers an additional nidus for the growth of organisms.
The first essential in root canal therapy must be to destroy organisms situated in the pulp chamber before any attempt is made to kill or extirpate the pulp. This can be carried out bv the use of cautery and desiccator as described in-the tdxt.
